DAS  A- 1483 


THE  EFFECTS  OF  AMBIENT 
PRESSURE  ON  THE  TOLERANCE  OF 
MICE  TO  AIR  BLAST 


Edward  G.  Damon,  Donald  R.  Richmond 
and  Clayton  S.  White 


Presented  before  the 
Symposium  on  the  Biological  Effects 
of  Blast  and  Shock 
Headquarters  Field  Command 
Defense  Atomic  Support  Agency 
Sandia  Base,  Albuquerque,  New  Mexico 
April  20,  1963 


Technical  Progress  Report 
on 

Contract  No.  DA-49-146-XZ-055 


This  work,  an  aspect  of  investigations  dealing  with 
the  Biological  Effects  of  Blast  from  Bombs,  was 
supported  by  the  Defense  Atomic  Support  Agency  of 
the  Department  of  Defense. 

(Reproduction  in  whole  or  in  part  is  permitted  for 
any  purpose  of  the  United  States  Government.  ) 


Lovelace  Foundation  for  Medical  Education  and  Research 
Albuquerque,  New  Mexico 
March  1964 


This  report  has  been  approved  for  open  publication 
by  The  Office  of  the  Assistant  Secretary  of  Defense 


for  Public  Affairs. 


DAS  A- 1483 


FOREWORD 


This  report  describes  the  development  of  appropriate  apparatus  and 
experiments  to  explore  the  relationship  between  the  response  of  animals 
to  air  blast  and  the  ambient  pressure  existing  at  the  time  of  exposure. 
Specifically,  the  tolerance  of  mice  to  overpressure  was  determined  using 
the  expansion  chamber  of  a  specially  modified  shock  tube  in  which  the 
local  pre-shot  pressures  were  varied  from  7  to  42  psi  absolute. 

The  results  and  experience  from  this  study  will  guide  the  design  of 
appropriate  hardware  and  the  initiation  of  similar  investigations,  wherein 
larger  animal  species  may  be  employed  in  the  most  economical  manner. 
The  ultimate  aim  of  the  work  is  the  accurate  prediction  of  human  tolerance 
to  air  blast  as  a  function  of  reduced  pressure  associated  with  altitude  and 
increased  pressure  corresponding  to  various  locations  below  sea  level. 
Thus  the  findings  have  applicability  in  Aviation,  Submarine  and  Environ¬ 
mental  Medicine  and  are  significant  in  air  evacuation  of  blast-produced 
casualties,  the  care  and  therapy  of  blast  injuries  occurring  underwater, 
inside  submarines,  aloft  in  aircraft  and  in  other  pressurized  locations. 


ABSTRACT 
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Mice  were  exposed  to  overpressures  of  "long"  duration  in  the  expan¬ 
sion  chamber  of  an  air-driven  shock  tube  inside  which  the  initial,  pre¬ 
blast  pressures  were  varied  over  sixfold.  When  the  animals  were  held 
at  the  initial  pressure  for  one  h~>ur  following  the  bla^t  before  being  re¬ 
turned  to  the  ambient  pressure  of  the  laboratory,  tolerance  values,  ex¬ 
pressed  as  LDtjg'- 1 -hour  gauge  pressures,  increased  fourfold;  they  were 
20.3,  31.0,  44.5,  55.4,  and  91. 8  psi  for  initial  pressures  of  7,  12,  18, 
24,  and  42  psia,  respectively.  When  animals  were  returned  to  ambient 
level  soon  after  blast  exposure,  the  LD^I  press  -es  were  lower  than  the 
above  values  for  initial  pressures  greater  than  ambient  and  higher  for 
initial  pressures  lower  than  ambient.  The^easibility  of  scaling  biologi¬ 
cal  blast  effects  as  a  function  of  altitude1  was  discussed  and  one  approach 
suggested  by  available  empirical  data  wm  regarded  as  a  promising,  but 
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THE  EFFECTS  OF  AMBIENT  PRESSURE  ON  THE 
TOLERANCE  OF  MICE  TO  AIR  BLAST 


Edward  G.  Damon,  Donald  R.  Richmond 
and  Clayton  S.  White 


INTRODUCTION 


Although  the  relationships  between  biological  response  to  air  blast  and 
various  parameters  of  the  pressure  wave  have  been  investigated  in  recent 
years,  1-4  very  little  is  known  about  the  effects  of  ambient  pressure  on  mam¬ 
malian  tolerance  to  overpressure.  Not  only  was  attention  called  to  this  fact 
several  years  ago,  5  but  for  theoretical  and  commonsense  reasons,  it  was 
predicted  that  the  ambient  pressure  existing  at  the  time  an  animal  was  loaded 
with  a  pressure  pulse  would  be  a  significant  parameter  influencing  biological 
response.  Without  question,  it  is  important  to  know  whether  or  not  this 
speculation  has  validity,  and  if  so,  the  magnitude  of  the  effect,  because  human 
exposures  to  detonation-produced  variations  in  the  environment  can  and  do 
occur  at  a  variety  of  ambient  pressures  such  as  those  existing  at  different 
elevations  of  terrain,  at  whatever  levels  above  and  below  the  earth's  surface 
are  available  to  man  and  at  duty  stations  inside  different  manned  vehicles  and 
pressurized  spaces  wherever  they  may  be. 

The  present  investigation  was  undertaken  to  develop  shock-tube  and  re¬ 
lated  techniques  for  exposing  animals  to  air  blast  at  different  ambient  pressures 
and  to  explore  the  tolerance  of  mice  to  "sharp"-rising  overpressures  of  "long" 
duration  as  related  to  pre-shot  ambient  pressures  ranging  from  a  fraction  of 
an  atmosphere  to  several  atmospheres. 


METHODS 


Shock  Tube 


A  conventional,  circular  shock  tube,  19  ft  6  in.  long  and  1 Z  in.  in  diameter, 
was  modified  and  used  to  expose  mice  to  air  blast  at  different  ambient  pressures. 
The  tube  had  a  wall  thickness  of  3/8  in.  ,  and  as  shown  diagrammatic  ally  in 
Figure  1,  was  divided  by  a  frangible  diaphragm  into  a  compression  chamber 
2  ft  6  in.  long  and  a  1 7 -ft  expansion  chamber.  The  latter  was  closed  with  an 
end-plate  on  which  animal  cages  were  mounted. 


Appropriate  pipes  and  valves,  to  allow  pre-  and  post-shot  control  of  the 
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pressure  inside  the  shock  tube,  were  fitted  to  the  expansion  and  compression 
chambers  and  multiple  layers  of  Dupont  Mylar  plastic  were  employed  as  a 
diaphragm.  Since  experience  proved  that  the  Mylar  sheets  exhibited  a  con¬ 
sistent  bursting  pressure  when  tested  on  12-in.  tubes,  different  exposure 
pressures  were  achieved  by  varying  the  total  thickness  of  the  plastic  and 
allowing  each  diaphragm  to  rupture  spontaneously  as  the  compression  cham¬ 
ber  was  progressively  pressurized. 

Pressure -Time  Measurements 


On  every  test,  the  shock  pressures  were  measured  with  piezoelectric 
gauges  mounted  side -on  in  the  wall  of  the  tube  6  in.  upstream  from  the  end- 
plate  (Figure  1).  Occasionally,  gauges  were  also  located  on  the  end-plate 
to  record  the  pressure-time  wave  form  at  the  position  of  the  animals.  The 
piezoelectric  transducers  contained  sensors  of  Lead  Metaniobate  (Model 
ST-2,  Susquehanna  Instruments,  Bel  Air,  Maryland).  Each  signal  from  a 
pressure  transducer  was  passed  through  a  cathode  follower  and  was  displayed 
and  photographically  recorded  on  a  cathode -ray  oscilloscope.  Details  of  .the 
system  and  its  calibration  already  have  been  reported  4,  6  Typical  pressure¬ 
time  oscillograms  obtained  with  the  gauge  mounted  side -on  in  the  wall  of  the 
tube  are  presented  in  Figure  1. 


The  overpressure  in  the  expansion  chamber  before  and  after  each  blast 
was  measured  by  a  Bourdon-type  dial  pressure  gauge  (Heise  Bourdon  Tube 
Co.,  Newton,  Connecticut).  A  mercury  manometer  gave  the  pressure  levels 
when  the  expansion  chamber  was  partly  evacuated.  The  time  required  to  in¬ 
crease  or  decrease  the  pressure  in  the  expansion  chamber  was  carefully 
measured  with  a  stopwatch  and  also  checked  on  oscillograms  obtained  with 
Quartz  piezoelectric  transducers  (Model  PZ-4,  Kistler  Instrument  Corpora¬ 
tion,  North  Tonawanda,  New  York).  The  oscilloscopes  were  triggered  so 
that  the  time  to  increase  or  release  the  pressure  was  recorded. 


Figure  2  presents  a  comparison  of  the  empirical,  shock-tube  calibration 
curve  with  theoretical  data.  The  results  indicate  that  the  measured  perform¬ 
ance  of  the  current  hardware  was  within  10  per  cent  of  that  predicted  by  the 
theoretical  relationships.  Since  this  result  is  consistent  with  experience  re¬ 
ported  elsewhere^*®  as  characteristic  of  air-driven,  conventional  shock  tubes, 
it  indicates  that  the  methods  used  to  measure  shock  pressures  were  reliable 
at  either  reduced  or  elevated  initial  ambient  pressures. 


Animal  Exposure 

In  all,  672  female  mice  of  the  Webster  strain  were  employed.  Their 
mean  body  weight  was  19.7  *g  (standard  error  of  the  mean  and  range  were 
±0.84  and  16  -  24  g,  respectively).  Except  where  otherwise  mentioned,  three 
animals  were  exposed  per  shot.  Each  animal  was  oriented  right-side -on  to 
the  incident  shock  in  an  individual,  cylindrical,  wire-mesh  cage  mounted  a- 
gainst  the  end-plate.  The  diameter  of  the  wire  from  which  the  cages  were  con¬ 
structed  was  1/16  in.  and  the  inside  diameter  of  the  squares  of  the  mesh  was 
1/4  inch.  The  cages  were  arranged  2  in.  apart,  one  above  the  other.  Since 
the  end-plate  of  the  tube  was  oriented  normal  to  the  incident  shock  wave,  the 
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CALIBRATION  CURVE 
12 -boh  Shock  Tube 


Pressure  in  Exponsion  Chamber,  psio 
Pressure  in  Compression  Chamber,  psia 


Fig.  2.  Comparison  of  the  calibration  curve  for  the  12-in. 
shock  tube  with  the  theoretical  curve  for  shock 
strength  as  a  function  of  the  starting  pressure  ratio 
(Bleakney,  1949).  7 


animals  were  subjected  to  the  incident  and  the  reflected  shock  almost 
simultaneously.  Consequently,  me  air-blast  dose  was  taken  to  be  the 
maximal  overpressure  in  the  reflected  shock.  The  duration  of  the  posi¬ 
tive  phase  of  the  primary  blast  wave  was  16-20  msec,  which  is  much 
longer  than  the  "critical  duration"  for  mice.'*  Following  the  first  posi¬ 
tive  wavo,  the  animals  were  subjected  to  a  series  of  decreasing  secondary 
pressure  pulses  resulting  from  the  reflection  of  the  shock  wave  from  one 
end  of  the  tube  to  the  other.  Pressure -time  record  "a"  in  Figure  1  is  a 
typicaloscillogram  showing  these  multiple  reflections. 


Series  I 


Two  hundred  and  seventy  mice  were  exposed  in  groups  to  three  levels 
of  reflected  shock  pressures  while  at  initial  pressures  of  7,  12,  18,  24, 
and  42  psia.  Immediately  after  the  blast,  the  pressure  in  the  expansion 
chamber  was  quickly  adjusted  to  the  respective  pre-shot  level  and  then  held 
for  one  hour  before  it  was  returned  to  ambient  level. 

The  five  overall  pressure-time  profiles  for  Series  I  experiments  are 
illustrated  in  Figures  3a  -  3e.  Indicated  are  the  times  required  to  increase 
or  decrease  the  pressure  on  the  animals  before  and  after  the  blast.  For 
instance,  Figure  3c  shows  that  25  seconds  (tj)  were  required  to  increase  the 
pressure  from  the  atmospheric  ambient  (P0)  of  12  psia  to  the  initial  pressure 
(P.)  of  18  psia  in  the  expansion  section.  It  was  held  for  78  seconds  (tj>)  before 
the  blast.  The  duration  of  the  blast  wave  itself  was  0.  016  seconds  (t3).  After 
the  blast,  the  pressure  stayed  at  Pb(27  psia)  for  2  seconds  {t^)  before  it  could 
be  reduced  to  the  pre-shot  level  in  18  seconds (t5).  At  the  end  of  the  1-hour 
hold  (t^),  the  pressure  was  returned  to  ambient  in  15  seconds  (t7). 

Controls 


Except  for  exposure  to  blast  overpressures,  16  control  animals 
were  subjected  to  the  pressure-time  sequence  illustrated  in  Figure  3e. 

Series  II 


Two  hundred  and  eighty-five  mice  were  exposed  to  air  blast  at  initial 
pressures  of  7,  18,  >30,  3$ ,  and  42  psia  following  the  general  procedures  used 
in  Series  I  animals,  except  they  were  returned  to  ambient  immediately  after 
blast  exposure.  The  rates  of  pressure  changes  previous  to  and  following  the 
blast  were  kept  similar  to  those  in  the  Series  I  studies,  except  for  the  absence 
of  the  1-hour  hold  period  (t^). 

Controls 


Fifteen  Series  II  control  animals  were  handled  as  Series  I  controls 
except  they  were  not  held  for  an  hour  at  the  pre-shot  pressure  (Pj)  of  42  psia. 
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Pressure,  psi  Pressure,  psi  Pressure,  psi 


Fig.  3  (a-c).  Overall  pressure -time  profiles  for  Series  I. 
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Pressure,  psi  Pressure,  psi 


Time,  sec 


Time,  sec 


Fig.  3  (d-e).  Overall  pressure-time  profiles  for  Series  1. 
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Probit  Analysis 

Probit  analysis  was  applied  to  the  one-hour  mortality  data  obtained 
from  both  experimental  series.  '  Thus,  the  results  presented  refer  to 
lethality  within  one  hour  following  the  blast. 

In  Series  I,  the  total  number  of  animals  which  were  dead  when  first 
observed  at  the  end  of  the  1-hour  hold  were  recorded  for  the  one -hour 
mortality.  Of  these,  the  number  which  exhibited  signs  of  rigor  mortis 
were  also  recorded.  Since  some  of  the  animals  could  have  died  during 
the  two  minutes  required  for  removing  them  from  the  tube  following 
decompression,  probit  analysis  was  applied  to  both  the  total  one-hour 
mortality  data  and  the  mortality  data  based  on  only  those  which  exhibited 
signs  of  rigor  mortis.  Since  there  was  no  significant  difference  in  the  LD^q 
values  computed  from  the  two  sets  of  data,  only  the  results  of  the  analysis*’1' 
of  the  total  one -hour  mortality  data  for  Series  I  are  presented. 


RESULTS 


Series  1 


Probit  mortality  curves  relating  the  percentage  dead  in  probit  units 
to  the  log  reflected  pressure  are  presented  in  Figure  4  for  the  mice  ex¬ 
posed  at  the  five  initial  pressure  levels  in  Series  I.  The  probit  regression 
lines  were  adjusted  to  an  average  slope  since  statistical  tests  revealed 
them  to  be  essentially  parallel  at  the  95 -per  cent  fiducial  limits.  9  The  LD-. 
reflected  shock  pressures  with  their  95-per  cent  confidence  limits  and  the 
probit  regression  equations’  constants  are  listed  in  Table  1  along  with  the 
associated  number  of  animals.  As  indicated  in  Table  1,  the  reflected  pres¬ 
sure  required  for  50 -per  cent  lethality  rose  as  the  initial  pressures  were 
increased.  The  LD50  pressures  were  20.3,  31.0,  44.5,  55.3,  and  91.8 
psig  when  mice  were  exposed  at  initial  pressures  of  7,  12,  18,  24,  and  42 
psia,  respectively.  Each  LD50  value  differed  significantly  from  the  others 
at  the  95-per  cent  confidence  level.  Actually,  the  LDcq  values  increased 
linearly  with  increasing  initial  pressures.  A  Bendix  G-15  computer  was 
programmed  to  fit  a  regression  of  the  form,  log  y*»  +  b  log  x,  to  the  data. 
Figure  5  presents  the  regression  and  a  log-log  plot  of  the  data. 

Table  2  compares  the  LD^q  values  in  terms  of  reflected  overpressure 
(psig)  and  atmosf&eres  (atm)  ofthe  initial  pressure  (AP/Pj).  As  noted,  the 
LD50  pressure  ratio  ranged  from  2.90  to  2.  19  for  initial  pressures  of  7  to 
42  psia,  respectively.  Thus,  in  terms  of  atm  oi  the  initial  pressure,  bio¬ 
logical  tolerance  decreased  somewhat  with  increases  in  initial  pressure. 

Series  U 


The  results  of  the  probit  analysis  of  the  one -hour  mortality  data  from 
the  series  in  which  the  animals  were  returned  to  ambient  immediately  after 
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EFFECT  OF  INITIAL  PRESSURE  ON  MOUSE  RESPONSE  TO  AIR  BLAST 


ncnccTCD  shock  pressure,  pm 


LOS  REFLECTED  SMOCK  PRESSURE.  PM 


Fig.  4.  Probit  regression  lines  relating  the  percent 

mortality  in  probit  units  to  the  log  of  the  reflected 
shock  pressures  for  mice  subjected  to  air  blast  at 
different  initial  air  pressures. 
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MORTALITY,  PERCENT 


TABLE  1 


RESULTS  OF  PRO  BIT  ANALYSIS  OF  THE  SERIES  I  DATA 


Initial 

Pressure, 

psia 

Number  of 
Animals 

LDso-l-hour 
Reflected  Pressure 
(AP),  psig 

Probit 

Equation  Constants 
intercept,  a  slope,  b 

7 

60 

20.  3 

(19.  0-21. 5)^ 

-14.481 

14.889** 

12 

45 

31.0 

(29.  3-33.  3) 

-17.  254 

14.  889 

18 

48 

44.  5 

(41.9-47.4) 

-19.543 

14.889 

24 

60 

55.  3 

(52.4-58.  3) 

-20.  948 

14.889 

42 

57 

91.  8 

(86.  1-98.  3) 

-24.  225 

14.889 

Total 

270 

*Numbers  in  parentheses  are  the  95 -percent  confidence  limits. 
**Standard  deviation  of  the  slope  constant,  b  -  ±2.  154. 
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PRESSUR 


TABLE  2 


COMPARISON  OF  LD5()  VALUES 


Initial 

Pressure,  LD^g-l-Hour  Overpressure 

Pi  psia  AP,  pS^  atm5^  A  P/Pj) 


7 

20.  3 

2.  90 

12 

31.2 

2.60 

18 

44.  5 

2.47 

24 

55.  3 

2.  30 

42 

91.8 

2.  19 

Average 

2.49 

*  Atmospheres  of  the  initial  pressure. 


blast  exposure  are  presented  in  Table  3.  The  LD50  reflected  shock 
pressures  were  22.  7,  37.9,  53.6,  61.3,  and  68. 4  psig  for  initial  pres¬ 
sures  of  7,  18,  30,  36,  and  42  psia,  respectively.  As  illustrated  in 
Figure  5,  the  LD5Q  values  were  below  those  of  Series  I  at  initial  pressures 
greater  than  ambient  and  above  them  for  initial  pressures  less  than  ambient. 

Controls 


Results  of  control  experiments  revealed  that  the  most  rigorous 
combinations  of  decompression  or  compression,  hold,  and  release  of 
pressure  (without  the  blast)  encountered  in  this  study,  by  themselves, 
produced  neither  deaths  nor  noticeable  injury  in  mice.  For  instance,  groups 
of  animals  were  compressed  to  67  psia  in  225  seconds,  held  at  that  level  for 
2  minutes,  and  then  returned  to  42  psia  and  held  for  one  hour,  after  which 
the  pressure  was  reduced  to  12  psia  in  34  seconds.  In  addition,  mice  were 
compressed  to  67  psia  in  225  seconds,  held  there  for  2  minutes,  and  then 
returned  to  12  psia  in  56  seconds. 


DISCUSSION 


This  study,  designed  to  explore  the  significance  of  ambient  pressure 
or  blsst  tolerance,  shows  an  unequivocal  increase  in  resistance  to  over- 
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TABLE  3 


RESULTS  OF  PROBIT  ANALYSIS  OF  THE  SERIES  II  DATA 


Initial 

Pressure, 

P«a 

Number  of 
Animals 

LD50-1  -Hour 
Reflected  Pressure 
(AP),  psig 

Probit 

Equation  Constants 
Intercept,  a  slope,  b 

7 

45 

22.  7 

(21.  0-24.  6)* 

-18.805 

17. 554** 

18 

69 

37.  9 

(35.  2-41.  2) 

-22. 717 

17.  554 

30 

45 

53.  6 

(49.4-58.  7) 

-25.  359 

17.  554 

36 

57 

61.  3 

(55.  7-67.  2) 

-26.  379 

17.554 

42 

Total 

69 

ZB* 

68.4 

(64.  2-73.2) 

-27.  211 

17.554 

*  Numbers  in  parentheses  are  the  95 -percent  confidence  limits. 
**  Standard  deviation  of  the  slope  constant,  b  is  ±2.  946. 


-13- 


pressure  in  both  the  Series  I  and  Series  II  experimental  groups  com¬ 
pared  with  controls.  In  terms  of  the  magnitude  of  the  overpressure  of 
the  reflected  shock  (psig),  '.he  Series  I  mice  —  those  held  for  one  hour 
at  the  pre-shot  initial  pressure  before  being  returned  to  the  Albuquerque 
ambient  pressure  —  showed  a  fourfold  increase  in  tolerance  to  be  asso¬ 
ciated  with  a  sixfold  increase  in  the  pre-shot  ambient  pressure.  Series 
II  animals  —  those  returned  to  the  Albuquerque  ambient  pressure  immedi¬ 
ately  after  exposure  to  blast  —  only  exhibited  a  threefold  increase  in  tol¬ 
erance  associated  with  the  same  sixfold  increase  in  pre-shot  ambient  pres¬ 
sure. 


The  differences  between  the  Series  I  and  II  data  —  shown  clearly  in 
Figure  5  —  are  of  considerable  interest  and  deserve  several  comments. 

First,  in  the  experiments  involving  pre-shot  pressures  less  than  the 
Albuquerque  ambient,  blast  tolerance  was  higher  in  the  Series  II  than  in 
the  Series  1  mice.  This  means  that  mortality  due  to  blast  can  be  reduced 
by  promptly  pressurizing  the  animal  after  exposure  to  blast,  as  was  the 
case  for  the  Series  II  animals.  This  experience,  consistent  with  the  findings 
of  Clemedson^  and  Benzinger^  who  demonstrated  experimentally  that 
early  pressurization  following  a  severe  blast  injury  was  beneficial  and  effec¬ 
tive  in  reducing  nortality,  was  not  unanticipated  since  arterial  air  emboli, 
entering  the  circulation  from  the  injured  lung  and  known  to  be  a  prominent 
cause  of  early  lethality  in  blasted  animals,  would  be  expected  to  decrease 
in  size  with  pressurization  and  therefore  become  less  hazardous  to  the 
animal. 


Secondly  and  in  contrast  to  the  above  results,  the  present  study  showed 
that  blast  tolerance  of  the  Series  I  was  greater  than  that  of  the  Series  II 
animals  in  all  experiments  involving  pre-shot  pressures  above  the 
Albuquerque  ambient.  These  data  mean  that  decompression  carried  out 
immediately  after  blast  exposure,  as  was  done  in  the  Series  II  groups,  in¬ 
creases  lethality.  One  probable  explanation  is  that  blast-produced  arterial 
emboli  grow  in  size  and  therefore  become  a  greater  challenge  t.o  the  animal. 
Another  possibility  is  that  more  arterial  emboli  are  produced  by  the  decom¬ 
pression,  a  likely  sequence  of  events  should  air  trapping  in  the  distal  airways 
occur  as  a  consequence  of  intra-bronchial  hemorrhage,  a  not  uncommon 
finding  in  blast-injured  lungs. 

Third,  the  Series  I  experiments  in  which  the  animals  were  held  for  one 
hour  at  the  pre-shot  ambient  before  being  returned  to  laboratory  pressures, 
no  doubt  are  a  more  valid  indication  of  the  true  variation  in  blast  tolerance 
due  to  ambient  pressure  changes  than  are  the  Series  II  data.  This  seems 
so  because  (a)  air  emboli  during  the  hold  period  have  time  to  produce  their 
biological  effects,  to  decrease  in  size  or  to  disappear  from  the  circulation 
and  (b)  most  individuals  injured  by  blast  are  likely  to  be  treated  and  held  at 
the  ambient  pressure  existing  in  the  environment  in  which  they  were  exposed. 
However,  important  exceptions  to  this  statement  are  not  improbable.  For 
example,  air  evacuation  of  blast  casualties  could  involve  hazardous  pressure 
changes.  The  post-exposure  course  of  blast  injuries  occurring  aloft  in  air¬ 
craft  and  during  pressurized  mining  and  tunnelrng  operations  could  be  worsen¬ 
ed,  improved  or  remain  unchanged  depending  upon  what  pressure  variations 
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occurred.  Since  control  of  the  post-exposure  pressure  is  not  always  im¬ 
possible  even  in  some  emergencies,  those  who  treat  blast  casualties 
should  know  two  results  of  the  present  study;  namely,  (a)  that  the  rate 
and  range  of  decompression  tolerated  without  demonstrable  effect  by  con¬ 
trol  mice  proved  hazardous  to  blast-injured  animals  and  (b)  the  rate  and 
range  of  compression,  producing  no  effect  in  controls  when  applied  to 
experimental  animals  immediately  after  blast  exposure,  reduced  mortality 
significantly. 

Fourth,  lethality-tir  ,e  data,  limited  in  the  Series  I  animals  mostly  to 
crude  observation  of  body  temperature  and  and  the  presence  or  absence  of 
rigor,  would  aid  further  analysis  of  the  differences  noted  between  Series  I 
and  II  mice.  Such  information  will  be  forthcoming  in  future  experiments 
since  the  end-plate  cf  the  shock  tube  has  been  fitted  with  an  observation 
window. 

Fifth,  though  the  Series  I  data,  as  noted  above,  seem  more  applicable 
than  the  Series  II  results  to  most  blast  situations  in  "real  life,"  it  is  well 
to  consider  the  validity  of  the  Series  I  findings  further.  In  this  regard, 
there  are  at  least  three  matters  of  interest.  The  first  is  whether  or  not 
exposing  an  animal  to  a  series  of  "sharp" -rising  pressure  pulses  as  exem¬ 
plified  in  the  lower  left  portion  of  Figure  1  bears  any  similarity  to  an  ex¬ 
posure  involving  only  a  single  "sharp"-rising  pressure  as  might  occur  near 
a  detonation  in  the  open  or  in  an  open-ended  or  vented  shock  tube.  Though 
these  two  situations,  a  single  versus  a  repetitive  pressure  pulse,  do  seem 
different  on  the  surface,  the  P^q  figure  of  31.0  psi  (29.3  -  33.3),  referable 
to  an  ambient  pressure  of  12  psi  found  in  the  present  study,  is  not  signifi¬ 
cantly  different  from  those  reported  for  mice  in  previous  investigations  with 
"long" -duration  overpressures  carried  out  at  Albuquerque  altitude;  *2,  13 
namely,  29.8  ±  0.  8  psi  for  repetitive  shock-tube  pulses  of  6  -  8  sec  duration; 
30.  7  ±  0.  6  psi  for  single  shock-tube  pulses  of  400  msec  duration;  29.  0  ±  0.6 
psi  for  single  shock-tube  pulses  of  3  -  4  msec  duration;  26.0  ±  0.4  psi  for 
single  high -explosive  pulses  of  2.  1  msec  duration;  and  29.9  ±1.1  psi  for 
sit. gle  high-explosive  pulses  of  1.  3  msec  duration.  These  data  give  power 
to  the  argument  thet  it  is  the  initial  "sharp"-rising  portion  of  a  repetitive 
pulse  of  decreasing  pressure  that  is  definitive  in  producing  lethality  and  not 
the  second  and  subsequent  oscillations,  which  indeed,  seem  to  have  little  de¬ 
tectable  effect. 

Then,  there  is  the  question  of  possible  differences  in  biological  effect 
when  using  the  shock-tube  procedures  described  compared  with  actual  free- 
field  exposures  to  blast  at  various  ambient  pressures.  For  example,  the 
technique  developed  represents  an  attempt  to  simulate  a  "real-life"  blast 
situation  in  the  laboratory,  but  the  pressure -time  variations  in  the  shock 
tube  —  particularly  over  the  immediate  post- shot  period  —  were  hardly  con¬ 
stant  for  the  various  experiments,  represent  departures  from  the  ideal,  and 
embody  the  potential  for  introducing  variables  into  the  experimental  situation. 
Whether  or  not  these  may  be  significant,  and  if  so,  eliminated  by  improving  the 
technique  employed  is  not  clear  at  the  present  time.  However,  appropriate 
work  is  under  way  in  the  laboratory  and  free -field  experiments  at  different 
ambient  pressures  to  check  the  shock  tube  data  are  being  planned. 
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Also,  since  the  P50  figures  determined  for  the  different  ambient 
pressures  represent  an  equal  challenge  to  the  animal  —  that  is,  the  over¬ 
pressures  of  20.  3 ,  31.0,  44.5,  55.  3  and  91. 8  psi  above  their  respective 
ambients  of  7,  12,  18,  24,  and  42  psi  are  biologically  equivalent  —  one 
searches  for  a  constant  parameter  which,  if  approximately  the  same  for 
each  experimental  group,  might  indicate  consistency  in  the  data,  aid  in 
their  interpretation  and  increase  confidence  in  the  overall  findings.  That 
the  pressure  ratio,  AP/P^.where  P^  is  the  pre-shot  ambient  pressure 
and  therefore  the  pressure  inside  the  air-containing  cavities  of  the  body 
and  Ap  is  the  blast  overpressure  and  therefore  the  external  pressure 
loading  an  animal,  might  be  such  a  parameter  is  supported  by  the  common- 
sense  view  that  blast  effects  are  sure  to  be  importantly  related  to  the 
magnitudes  of  the  internal  and  external  pressures,  bv  the  work  of  Haber 
and  Clamann  on  the  physics  of  rapid  decompression,  *4  by  the  findings  of 
Luft  and  Bancroft^  in  biological  studies  of  decompression  and  bv  White 
et  al.  ^  in  blast  studies  wherein  pulmonary  lesions  in  dogs  were  correlated 
to  the  pressure  ratio  for  nuclear  blast  waves  inside  shelters  that  rose  in 
"steps"  or  in  a  "saw-toothed"  manner.  In  this  regard,  the  results  of  the 
present  study  are  encouraging. 

The  pressure  ratios  shown  in  Table  2  are  not  constant,  but  ranged  from 
2.9  to  2.  2  when  the  pre-exposure  ambient  pressure  was  varied  from  7  to 
42  psi.  Blast  tolerance,  expressed  this  way,  decreased  by  a  factor  of  1.3 
or  near  25  per  cent  when  there  was  a  sixfold  increase  in  ambient  pressure. 

If  one  uses  the  average  pressure  ratio  of  2.  5  shown  in  Table  2,  it  is  possible 
to  say  that  the  P50  ratios  only  varied  about  16  and  12  per  cent  above  and 
below  the  average,  respectively. 

While  experimental  variations  of  these  magnitudes  are  frequently  noted 
in  biological  studies,  the  consistent  and  apparently  not  random  decrease  in 
the  P50  pressure  ratios  with  progressive  elevation  of  the  ambient  pressures 
found  in  the  Series  I  experiments  not  only  stimulates  one  to  search  further 
for  analytical  understanding  of  the  observed  data  to  improve  the  grasp  of 
etiologic  mechanisms,  but  prompts  a  cautious  approach  to  drawing  general 
conclusions  applicable  to  all  mammalian  species  including  man  on  the  basis 
of  the  experiments  reported  here  on  mice. 

Fortunately,  it  is  now  possible  to  say  that  similar  studies  have  been 
completed  using  rats  and  guinea  pigs.  Preliminary  analyses  of  the  data  show 
some  randomness  in  the  pressure -ratio  figures  and,  in  general,  similar 
trends  in  blast  tolerance  with  variations  in  the  ambient  pressure.  Whether 
or  not  the  pressure -ratio  associated  with  such  experiments  is  indeed  a  con¬ 
stant,  with  the  differences  noted  indicating  only  "hormal"  experimental  error 
and  chance  variations,  cannot  be  stated  now.  But  if  results  from  future 
experiments  with  other  species  indicate  that  the  LDjq's  can  be  expressed  as 
multiples  of  the  initial  pressure,  biological  blast  scaling  as  a  function  of 
ambient  pressure  will  become  a  relatively  simple  matter.  For  example, 
man's  tolerance  {LD5Q-24-hours)  to  "sharp" -rising  overpressures  of  400- 
msec  duration  has  been  calculated  to  be  50  psig  from  extrapolation  of  an 
interspecies  correlation  involving  six  different  mammals.  2f  Since  the  data 
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were  compiled  at  an  ambient  pressure  of  12.  0  psia,  the  overpressure  — 
normalized  to  the  initial  pressure  —  would  be  4.  2  atm.  Consequently,  to 
obtain  the  LD^q  for  "long" -duration  a^r  blasts  for  different  ambient 
pressures,  one  may  tentatively  multiply  the  ambient  pressure  of  interest 
by  4.2.  Thus  at  sea  level  (14.7  psia),  the  calculated  LD50  for  man  would 
be  62  psig;  at  26,  400  ft  (5.  2  psia)  it  would  be  22  psig.  It  is  well  t 
emphasize  the  tentative  and  uncertain  nature  of  these  procedures,  and  it 
is  no  doubt  premature  to  dwell  on  this  topic  further.  Let  it  suffice  to  say 
that  full  understanding  of  biological  blast  scaling  must  await  the  results 
of  future  work. 

Be  this  as  it  may,  it  is  currently  quite  clear  that  the  ambient  pressure 
is  indeed  a  physical  parameter  of  major  importance  in  specifying  blast 
effects.  Consequently,  recording  the  local  barometric  pressure  now  needs 
to  be  considered  a  requirement  in  all  quantative  investigations  of  blast 
tolerance. 


-17- 


REFERENCES 


1.  Fisher,  R.  B.  ,  P.  L.  Krohn  and  S.  Zuckerman,  "The  Relationship 
Between  Body  Size  and  the  Lethal  Effects  of  Blast,"  Ministry  of  Home 
Security  Report  R.  C.  284,  Oxford  University,  Oxford,  England, 
December  10,  1941. 

2.  Richmond,  D.  R.  ,  V.  R.  Clare,  V.  C.  Goldizen,  D.  E.  Pratt,  R.  T. 
Sanchez  and  C.  S.  White,  "Biological  Effects  of  Overpressure.  II.  A 
Shock  Tube  Utilized  to  Produce  Sharp-Rising  Overpressures  of  400 
Milliseconds  Duration  and  Its  Employment  in  Biomedical  Experiments," 
Technical  Progress  Report  No.  DASA  1246,  Defense  Atomic  Support 
Agency,  Department  of  Defense ,  Washington  25,  D.  C.  ,  April?,  1961. 
Also  in  Aerospace  Med.  ,  32:  997-1008,  1961. 

3.  Richmond,  D.  R.  and  C.  S.  White,  "A  Tentative  Estimation  of  Man' s 
Tolerance  to  Overpressures  from  Air  Blast,"  in  Proceedings  of  the 
Symposium  on  Effectiveness  Analysis  Techniques  for  Non-Nuclear 
Warheads  against  Surface  Targets,  October  30-31,  1962,  Vol.  1,  pp. 

L  to  L-34,  U.  S.  Naval  Weapons  Laboratory,  Dahlgren,  Virginia, 
Technical  Progress  Report  No.  DASA  1335,  Defense  Atomic  Support 
Agency,  Department  of  Defense,  Washington  25,  D.  C.  ,  November  7, 
1962. 

4.  Richmond,  D.  R.  ,  V.  C.  Goldizen,  V.  R.  Clare  and  C.  S.  White,  "The 
Overpressure -Duration  Relationship  and  Lethality  in  Small  Animals," 
Technical  Progress  Report  No.  DASA  1325,  Defense  Atomic  Support 
Agency,  Department  of  Defense,  Washington  25,  D.  C.  ,  September  10, 
1962- 

5.  White,  C.  S.  ,  T.  L.  Chiffelle,  D.  R.  Richmond,  W.  H.  Lockyear, 

I.  G.  Bowen,  V.  C.  Goldizen,  H.  W.  Mendeth,  D.  E.  Kilgore,  B.  B. 
Longwell,  J.  T.  Parker,  F.  Shcrping  and  M.  E.  Cribb,  "The  Bio¬ 
logical  Effects  of  Pressure  Phenomena  Occurring  Inside  Protective 
Shelters  Following  Nuclear  Detonation,"  USAEC  Civil  Effects  Test 
Group  Report,  WT-1179,  Office  of  Technical  Services,  Department  of 
Commerce,  Washington  25,  D.  C.  ,  October  28,  1957. 

6.  Granath,  B.  A.  and  G.  A.  Coulter,  "BRL  Shock  Tube  Piezo-Electric 
Blast  Gages.  "  BRL  Technical  Note  No.  1478,  Ballistic  Research  Labora¬ 
tories,  Aberdeen  Proving  Ground,  Md.  ,  August  1962. 

Bieakney,  W.  ,  D.  K.  Weimer  and  C.  H.  Fletcher,  "Shock  Tube*  A 
Facility  for  Investigations  in  Fluid  Dynamics,"  Rev.  Sci.  Instrum.  , 
20:807-815,  1949. 

8.  Lampson,  C.  W.  ,  "Resume  of  the  Theory  of  Plane  Shock  and  Adiabatic 

Waves  with  Applications  to  the  Theory  of  the  Shock  Tube,  "  BRL  Technical 
Note  No.  139,  Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground,  Md.  ,  March  1950. 


-18- 


9. 


Finney,  D.  J.  ,  Probit  Analysis.  A  Statistical  Treatment  of  the 
Sigmoid  Response  Curve,  (2nd  edition) ,  Cambridge  University  Press, 
Cambridge,  England,  1952. 

10.  Clemedson,  Carl-Johan  and  H.  Hultman,  "Air  Embolism  and  the  Cause 
of  Death  in  Blast  Injury, 11  Milit.  Surg.  ,  114:  424-437,  1954. 

1 1.  Benzinger  T.  ,  "Physiological  Lifects  of  Blast  in  Air  and  Water,  " 

Chap.  XIV-B,  German  Aviation  Medicine,  World  War  II,  Vol.  II,  pp. 
1225-1259,  U.  S.  Government  Printing  Office,  Washington  25,  D.  C.  , 
1950. 

12.  Richmond,  D.  R.  ,  V.  C.  Golai^en,  V.  R.  Clare,  D.  E.  Pratt,  F. 
Sherping,  R.  T.  Sanchez,  C.  C.  Fischer  and  C.  S.  White,  "Biologic 
Response  to  Overpressure.  IIT  Mortality  in  Small  Animals  Exposed 

in  a  Shock  Tube  to  Sharp-Rising  Overpressures  of  3  to  4  Msec  Duration,  ' 
Technical  Progress  Report  No.  DASA  1242,  Defense  Atomic  Support 
Agency,  Department  of  Defense,  Washington  25,  D.  C.,  June  15,  1961. 
Also  in  Aerospace  Med.  ,  _33:  1-27,  1962. 

13.  Richmond,  D.  R.  ,  R.  V.  Taborelli,  F.  Sherping,  M.  B.  Wetherbe, 

R.  T.  Sanchez,  V.  C.  Goldizen  and  C .  S.  White,  "Shock  Tube  Studies 
of  the  Effects  of  Sharp-Rising,  Long-Duration  Overpressures  on  Bio¬ 
logical  Systems,"  USAEC  Technical  Report,  TID-6056,  Office  of 
Technical  Services,  Department  of  Commerce,  Washington  25,  D.  C.  , 
March  10,  1959- 

14.  Luft,  U.  C.  and  R.  W.  Bancroft,  "Transthoracic  Pressure  in  Man 
During  Rapid  Decompression,"  J.  Aviat.  Med.  ,  _27:  208-220,  1956. 

15.  Haber,  F.  and  H.  G.  Clamann,  "Physics  and  Engineering  of  Rapid 
Decompression:  A  General  Theory  of  Rapid  Decompression,"  Report 
3,  Project  21-1201-0008,  USAF  School  of  Aviation  Medicine,  Randolph 
AFB,  Texas,  1953. 


DISTRIBUTION 


ARMY  AGENCIES 

Deputy  Chief  of  Staff  for  Military  Operations,  Department  of  the  Amy, 

ATTN:  Dir  of  SW&R,  Washington,  D.  C.  20301  (1  copy) 

Chief  of  Research  b  Development,  Department  of  the  Amy,  ATTN:  Atomic 
Division,  Washington,  D.  C.  20301  (1  copy) 

Deputy  Chief  of  Staff  Intelligence,  Department  of  the  Amy,  Washington, 

D.  C.  (1  copy) 

Chief  of  Engineers,  Department  of  the  Army,  ATTN:  ENGNB,  Washington, 

D.  C.  20315  (1  copy) 

Chief  of  Engineers,  Department  of  the  Army,  ATTN:  ENGEB,  Washington, 

D.  C.  20315  (1  copy) 

Chief  of  Engineers,  Tepartment  of  the  Army,  ATTN:  ENGTB,  Washington, 

D.  C,  20315  (1  copy) 

Chief  of  Ordnance,  Department  of  the  Amy,  ATTN:  ORDTN,  Washington,  D.  C.  , 
20315  (2  copies) 

Chief  Signal  Officer,  Comb  Dev  b  Ops  Div,  ATTN:  SIGCO-4,  Washington,  D.  C. , 
20330  (1  copy) 

Chief  of  Transportation,  Office  of  Planning  b  Intel,  Department  of  the 
Army,  Washington,  D.  C. ,  20315  (1  copy) 

The  Surgeon  General,  Department  of  the  Army,  ATTN:  MEDNE,  Washington, 

D.  C.  20360  (2  copies) 

Commander- in-C hie f ,  U  S.  Amy,  Europe,  AP0  403,  ATTN:  OPOT  Div,  Weapons 
Branch,  New  York,  New  York  (one  copy) 

Commanding  General,  U.  S.  Continental  Army  Command,  Fort  Monroe,  Virginia, 

23351  (3  copies) 

Director  of  Special  Weapons,  Development  Office,  HQ  CONARC,  ATTN: 

Capt  Chester  I.  Peterson,  Fort  Bliss,  Texas  79906  (1  copy) 

President,  U  S  Army  Artillery  Board,  Fort  Sill,  Oklahoma  73503  (1  copy) 

President,  U  S  Army  Aviation  Board,  ATTN:  A1BG-DG,  Fort  Rucker,  Alabama 
36362  (l  copy) 

Commandant,  U  S  Army  CbQS  College,  ATTN:  Archives,  Fort  Leavenworth, 

Kansas  6602**  '1  copy) 

Commandant,  U.  S  Army  Air  Defense  School,  ATTN:  Command  b  Staff  Dept, 

Fort  Bliaa,  Texas  79906  (1  copy) 

Commandant,  u.  S  Army  Armored  School,  Fort  Knox,  Kentucky  10120  (1  copy) 

Commandant,  V.  S  Army  Arty  b  Missile  School,  ATTN:  Combat  Dev  Dept,  Fort 
Sill,  Oklahoma  73503  (1  copy) 

Commandant,  V.  S  Army  Infantry  School,  ATTN:  C.D.S.,  Fort  Benning, 

Georgia  31905  (1  copy'. 

Commandant,  Quan er master  School,  U.  S.  Army,  ATTN:  Ch,  QM  Library, 

Fort  Lee,  Virginia  23801  (1  ccpy) 

Commanding  General,  Chemical  ^rps  Training  Command,  Fort  McClellan, 

Alabama  36205  (1  copy) 

Commandant,  0.  S.  Army  Chemical  Corps  CBR,  Weapons  School,  Dugvay  Proving 
Ground,  Dugway,  Utah  84022  (1  copy) 

Commandant,  U.  S  Army  Signal  School,  Fort  Mousouth,  New  Jersey  07703  <1  copy* 
(Coul ‘d  on  page  2) 
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Commandant  lv.  3.  Army  Transport  School,  ATTN:  Security  and  Information 
Office,  Fort  Eusci9,  Virginia  79906  (1  copy) 

Commanding  General.  The  Engineer  Center,  ATTN:  Asst  Cmdt  Engineer 
School,  Fort  Belvoir,  Virginia  22060  (1  copy) 

Commanding  General,  Army  Medical  Service  School,  Brooke  Army  Medical 
Center,  Fort  Sam  Houston,  Texas  78234  (1  copy) 

Commanding  Officer,  9th  Hospital  Center,  AFO  180,  ATTN:  CO,  US  Army 
Nuclear  Medicine  Research  Det,  Europe,  Mem  York,  New  York  (1  copy) 

Director,  Armed  Forces  Institute  of  Pathology,  Valter  Reed  Army  Medical 
Center,  Washington,  D.  C.  20315  (1  copy) 

Commanding  Officer,  Army  Medical  Research  Laboratory,  Fort  Knox, 

Kentucky  4012?  {1  copy) 

Commandant,  Valter  Reed  Army  Institute  of  Research,  Valter  Reed  Army  Medical 
Center,  Washington,  D.  C.  20315  (1  copy) 

Commanding  General,  QM  RAD  Cond,  (Hi  RAD  Center,  ATTN:  CBR  Liaison  Officer, 
Natick,  Massachusetts  (1  copy) 

Commanding  General,  QM  Research  A  Engineering  Command,  USA,  Natick, 
Massachusetts  (For  reports  from  Opn  HARDTACK  only)  (1  copy) 

Director,  U.  S.  Army  Research  and  Development  Laboratory,  ATTN:  Chief, 
Technical  Support  Branch,  Fort  Belvior ,  Virginia  220G0  (1  copy) 

Director,  Waterways  Experiment  Station,  U.  S.  Army  Corp  of  Engineers,  P.  0. 

Box  631,  ATTN:  Library,  Vicksburg,  Mississippi  (1  copy) 

Director,  U.  S.  Army  Ballistic  Research  Laboratories,  Aberdeen  Proving 
Ground,  Maryland  21005  (2  copies) 

Chief,  Army  Ballistic  Missile  Agency,  ATTN:  0MDABHIT,  Redstone  Arsenal, 
Alabama  35808  (1  copy) 

Commanding  General,  Army  Electronic  Proving  Ground,  ATTN:  Tech  Library, 

Fort  Hu ac hue a,  Arizona  85813  (1  copy) 

Director,  Research  Analysis  Corporation,  Waver ly  Bldg,  8935  Arlington 
Road,  Bethesda  14,  Maryland  (1  copy) 

Commanding  General,  Army  Materiel  Command,  Washington,  D.  C.  20315  (2  copies) 
Commanding  Officer,  V.  S.  Army  Unclear  Defense  Laboratory,  ATTN:  Librarian, 
Edgewood  Arsenal,  Maryland  21040  <1  copy) 

Commanding  General,  Army  Materiel  Command,  ATTN:  ROD  Division,  Washington, 

0.  C.  20315  <1  copy) 
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Chief  of  Naval  Operations,  Navy  Department,  ATTN: 
D.  C.  20350  (1  copy) 

Chief  of  Naval  Operation,  Navy  Department,  ATTlt: 
D.  C.  20350  (1  copy) 

Chief  of  Naval  Operations,  Navy  Department,  ATTN: 
D.  C.  20350  (1  copy) 

Chief  of  Naval  Operation,  Navy  Department,  ATTf: 
D.  C.  20350  (1  copy) 
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Chief  of  Naval  Personnel,  Navy  Department,  Washington,  D.  C.  20350  (1  copy) 
Chief  of  Naval  Research,  Navy  Department,  ATTN:  Code  811,  Washington, 

D.  C.  20390  {2  copies) 

Chief,  Bureau  of  Medicine  and  Surgery,  Navy  Department,  ATTN:  Special 
Weapons  Def  Division,  Washington,  D.  C.  20390  (1  copy) 

Chief,  Bureau  of  Ships,  Navy  Department,  ATTN:  Code  423,  Washington, 

D.  C.  20360  (1  copy) 

Chief,  Bureau  of  Yards  and  Docks,  Navy  Department,  ATTN:  D-440, 

Washington,  D.  C.  20370  (1  copy) 

Director,  U.  S.  Naval  Research  Laboratory,  ATTN:  Mrs.  Katherine  H. 

Cass,  Washington,  D.  C.  20390  (1  copy) 

Commander ,  U.  S.  Naval  Ordnance  Laboratory,  White  Oak,  Silver  Spring, 

Maryland  20390  (2  copies) 

Commander,  U.  S.  Naval  Material  Laboratory  (Code  900),  New  York  Naval 
Shipyard,  Naval  Base,  Brooklyn  1,  New  York  (1  copy) 

Commanding  Officer,  U.  S.  Naval  Mine  Defense  Lab,  Panama  City,  Florida  (1  copy) 
Commanding  Officer  and  Director,  U.  S.  Naval  Radiological  Defense  Laboratory, 
ATTN:  Tech  info  Liv,  San  Francisco  24,  California  (4  copies) 

Commanding  Officer,  V.  S.  Naval  Schools  Command,  U.  S.  Naval  Station, 

Treasure  Island,  San  Francisco,  California  (1  copy) 

Superintendent,  V.  S.  Naval  Postgraduate  School,  Monterey,  California  (1  copy) 
Commanding  Office-  Nuclear  Weapons  Training  Center,  Atlantic,  U.  S.  Naval 
Base,  ATTN:  Nuclear  Warfare  Department,  Norfolk  11,  Virginia  (1  copy) 
Commanding  Officer,  Nuclear  Weapons  Training  Center,  Pacific,  U.  S.  Naval 
Air  Station,  North  Island,  San  Diego  35,  California  (1  copy) 

Commanding  '''fleer  V.  S.  Naval  Damage  Control  Training  Center,  Naval  Base, 
ATTN:  ABC  Defense  Course ,  Philadelphia  12,  Pennsylvania  (1  copy) 

Commanding  Officer,  U.  S.  Naval  Air  Development  Center,  ATTN:  NAS, 

Librarian,  Johnsville,  Pennsylvania  (1  copy) 

Commanding  Officer,  V.  S.  Naval  Midical  Research  Institute,  National  Naval 
Medical  Center,  Bethesda,  Maryland  20011  (1  copy) 

Officer  in  Charge,  U.  S.  Naval  Supply  Research  and  Development  Facility, 

Naval  Supply  Center,  Bayonne,  New  Jeraey  (1  copy) 

Commandant,  V.  S.  Marine  Corps,  ATTN:  Code  A03H,  Washington,  D.  C.  20380 
<1  copy) 


AIR  FQBCK  AGENCIES 

HQ  USAF  (AFTAC)  Wash  DC  29330  (1  copy) 

MQ  USAF,  ATTN:  Operations  Analysis  Office,  Vice  Chief  of  Staff.  Waah  25  DC 
(1  copy) 

MQ  USAF  (AFNIN3),  ATTN:  ACS/1  (AP01N-3VI),  Wash  DC  20330  (2  copies) 

Assistant  Chief  of  Staff,  Intelligence,  BQ  USAFS,  APO  633,  ATTN:  Directorate 
of  Air  Target  a.  New  fork.  New  York  (1  copy) 

HQ  USAF  (AFRDD),  ATTN:  Guidance  6  Weapons  Division,  Wash  DC  20330  (1  copy) 

TAC,  ATTN:  Doc  Security  Branch,  Langley  AFB  VA  23366  (1  copy) 

The  Surgeon  General.  BQ  USAF,  ATTN:  Bio-Def  Pre  Mad  Dlv,  Wash  DC  20330  (1  copy) 
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TAC,  ATTN:  Doc  Security  Branch,  Langley  AFB  Va  23365  (1  copy) 

ADC,  ATTN:  Assistant  for  Atomic  Energy,  ADLDC-A ,  Ent  AFB  Colo  80912  (1  copy) 
AFSC.  Andrews  AFB .  ATTN:  RDRWA ,  Wash  DC  20331 

DDC (71 OL)  ,  AN  'itH  Fast  Office,  ATTN:  WDSOT,  Los  Angeles,  Calif  90045  { 1  copy) 
Coinmander-in-Chief,  Pacific  Air  Forces,  APO  953,  ATTN:  PFCIE-MB,  Base 
Recovery,  San  Francisco,  Calif  (1  copy) 

AFCRL,  LG  Han com  Fid,  ATTN:  CRQST-2,  Bedford  Mass  01731  (2  copies) 

AFSWC,  ATTN:  Tech  Infc  &  Intel  Div ,  Kirt.land  AFB  NMex  87117  (5  copies) 

AUL,  Maxwell  AFB  Ala  36112  (2  copies) 

Lowry  AFB  Ccio;  ATTN:  Dept  of  Sp  Wpns  Tng,  80230  (1  copy) 

USAFSAM,  Brooks  AFB  Tex  78235  (2  copies) 

Commander  1009-h  Sp  Wpns  Squadron,  USAF,  Wash  DC  (1  copy) 

ASD,  ATTN:  WCA3I .  Wr igot -Patterson  AFB  Ohio  45433  (2  copies) 

Director,  USAF  Project  RAND,  VIA:  US  Air  Force  Liaison  Office,  The  RAND 
Corporation .  1700  Main  Street,  Santa  Monica,  California  (2  copies' 

Commander,  Air  Defense  Systems  Integration  Division,  LG  Hansccm  Fid, 

ATTN:  SIDE-'.,  Bedford  Mass  01731  (1  copy) 

Command,  Air  Technical  Intelligence  Center,  USAF,  ATTN:  AFCIN-421A , 

Library,  Wj«ig ht-Patterson  AFB  Ohio  45433  (1  copy) 


OTHER  AGENCIES 

Director  of  Defense  Research  and  Engineering,  ATTN:  Tech  Library, 
Washington,  D.  T.  20301  (1  copy) 

Director,  Weapons  Systems  Evaluation  Group,  Room  1E880,  Washington, 

D.  C.  20301  a  copy) 

U.  S.  Documents  Officer,  Office  of  the  United  States  National  Military 
Representative-SHAPE  APO  55,  New  York,  New  York  (1  copy) 

Director,  Defense  Atomic  Support  Agency,  ATTN:  Document  Library, 

Washington,  D.  C.  20301  (4  copies*)  ^Reduce  to  3  cys  for  all  FWE  Rpts. 
Commander,  Field  Command,  Defense  Atomic  Support  Agency,  Albuquerque, 

New  Mexico  87115  <1  copy) 

Commander,  Field  Ccrmand ,  Defense  Atomic  Support  Agency,  ATTN:  FCWT, 
Albuquerque,  New  Mexico  87115  (2  copies) 

Commander,  Field  Cccmand,  Defense  Atomic  Support  Agency,  ATTN:  FCT3 , 
Albuquerque,  New  Mexico  87115  (1  copy) 

Director,  National  Aeronautics  &  Space  Administration ,  1520  H  Street,  N.  W.  , 
Washington,  D.  C.  20546  (1  copy) 

SAC  ATTN:  OAWS,  Offutt  AFB  Nebr  68113  (1  copy) 

Commandant,  U.  S.  Coast  Guard,  1300  E.  Street,  N.  W,  ATTN:  01. N, 

Washington,  U.  C.  (1  ccpy) 
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U.  S.  Atomic  Energy  Commission,  Washington,  D.  C.  20545,  ATTN: 

Chief,  Civil  Effects  Branch, Division  of  Biology  and  Medicine  (450  copies) 
Director,  U.  S.  Army  Ballistic  Research  Laboratories ,  ATTN:  Terminal  Ballistics, 
Sir.  Robert  0.  Clark,  Physicist  (1  copy);  Mr.  William  J.  Taylor,  Physicist  (Icy) 
Aberdeen  Proving  Ground,  Maryland  20115 
Airborne  Instruments  Laboratory,  Department  of  Medicine  and  Biological 

Physics,  Deer  Park,  Long  Island,  New  York,  ATTN:  Mr.  W.  J.  Carberry  (1  copy) 
AFSWC,  ATTN:  WIftS,  Kirtland  AFB  NMex  8711/  (1  copy) 

AFSC ,  ATTN:  SCGB,  Andrews  AFB  Wash  DC  20331  (1  copy) 

AiResearch  Manufacturing  Company,  9851-9951  Sepulveda  Blvd,  Los  Angeles  25, 
California,  ATTN:  Mr.  Frederick  H.  Green,  Assistant  Chief,  Preliminary 
Design  (1  copy’s ;  Dr.  Names  N.  Waggoner,  Medical  Director  (1  copy) 

\eResearch  Manufacturing  Company,  Sky  Harbor  Airport,  402  South  36th  Street, 
Phoenix,  Arizona,  ATTN:  Delano  De  Wry  she  (1  copy);  Leighton  S.  King  (1  copy) 
American  Airlines,  Inc.,  La  Guardia  Airport  Station,  Flushing  71,  New  York, 

ATTN:  Medical  Director  (I  copy) 

USAFSAM,  ATTN:  Maj  Gen  Theodore  C.  Bedwell,  Jr.,  Commandant  (I  copy); 

Col  Paul  A.  Campbell,  Chief,  Space  Medicine  (1  copy);  Dr.  Hubertus 
Strughold,  Advisor  for  Research  6  Professor  of  apace  Medicine  (1  copy) 

Boeing  Company,  Aero  Space  Division,  7755  E  Kargina!  Way,  Seattle  24,  Washington 
ATTI’-  Dr.  Thrift  G.  Hanks,  Director  of  Health  &  Safety  (1  copy);  Dr.  Romney 
8.  Lowry,  Manager,  Space  Medicine  Branch  (1  copy);  Dr.  F.  Werner,  Jr, 

Space  Medicine  Section  (1  copy) 

Chance  Vought  Astronautics,  P.  0.  Box  5907,  Dallas  22,  Texas,  ATTN:  Life 
Sciences  Section  (5  copies) 

Commanding  Officer,  U,  5.  Army  Chemical  Research  &  Development  Laboratories, 

ATTN:  Dr.  Fred  W.  Stealer  (1  copy);  Dr.  R.  S.  Anderson  (1  copy), 

Edgewood  Arsenal,  Maryland  21040 

Civil  Aerosnedical  Research  institute,  Oklahoma  City,  Oklahoma,  ATTN: 

Director  of  Research  (1  copy) 

Convair  Division,  General  Dynamics  Corp,  Fort  Worth,  Texas.  ATTN: 

Mr.  II.  A.  Bodely  (1  copy);  Mr.  Schreiber  (1  copy) 

Convair,  General  Dynamics  Corporation,  Mail  Zone  1-713,  1*.  0.  Box  1950, 

San  Diego  12.  California,  ATTN:  Dr.  R.  C.  Armstrong,  Chief  Physician; 

Dr.  J.  C.  Clark,  Assistant  to  Vice-President  Engineering;  Mr.  James 
Dempsey;  Dr.  L.  L.  Lowry,  Chief  Staff  Systems  Evaluation  Group;  Mr.  M. 

H.  Thiel,  Design  Specialist;  Dr.  R.  A.  Nau  (Mail  6-104); 

Mr.  W.  F.  Rector,  III  (Mail  Zone  580-40),  P.0.  Box  1128;  Mr.  R.  C.  Sebold, 
Vice-President  Engineering,  Convair  General  Offices,  (8  copies) 

Commander,  Field  Command,  Defense  Atomic  Support  Agency,  Sandia  Base, 

ATTN:  Col  F.  Neumann,  Surgeon,  Albuquerque,  New  Mexico  87115  (1  copy) 
Department  of  National  Defense,  Defense  Research  Board,  Suf field  Experimental 
Station,  Ralston,  Alberta,  Canada,  ATTN:  Physiology  Section  (2  copies) 

The  Dikewood  Corporation,  4805  Manaul  Blvd. ,  N.  E. ,  Albuquerque,  New 
Mexico  (1  copy) 

Douglas  Aircraft  Company,  Inc.,  El  Segundo  Division,  El  Segundo,  California, 

ATTN:  Mr.  Harvey  Glassner  (1  copy);  Dr.  E.  B.  Konecci  (I  copy) 
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Federal  Aviation  Agency,  1711  New  York  Avenue  N.  W. ,  Washington,  D.  C. 

20553,  ATTN:  Civil  Air  Surgeon  (1  copy) 

Goodyear  Aircraft  Corporation,  Department  475,  Plant  H,  1210  Massillon 
Road,  Akron  15,  Ohio,  ATTN:  Dr.  A.  J.  Cacioppo  (1  copy) 

Harvard  School  of  Public  Health,  Harvard  University,  695  Huntington 
Avenue,  Boston  15,  Massachusetts,  ATTN:  Dr.  Ross  A.  McFarland, 

Associate  Professor  of  Industrial  Hygiene  (1  copy) 

Mr.  Kenneth  Kaplan,  Physicist,  Broadview  Research  Corporation, 

1811  Trousdale  Drive,  Burlingame,  California,  (1  copy) 

Lockheed  Aircraft  Company,  Suite  302,  First  National  Bank  Bldg,  Burbank, 
California,  ATTN:  Dr.  Charles  Barron  (1  copy) 

Lockheed  Missile  and  Space  Company,  Space  Physics  Department  (53-23), 

Sunnyvale,  California,  ATTN:  Scientific  Assistant  to  Director  of 
Research  (3  coDie15' 

Lockheed  Missile  and  Space  Company,  1122  Jagels  Road,  Palo  Alto,  California, 
ATTN:  Missile  Systems  Director  (1  copy) 

Lovelace  Foundation  for  Medical  Education  and  Research,  4800  Gibson  Blvd.S.E., 
Albuquerque,  New  Mexico,  ATTN:  Dr.  Clayton  S.  White,  Director  of 
Research  (50  copies) 

The  Martin  Company,  Denver,  Colorado,  ATTN:  Chief,  Space  Medicine  (1  copy) 
McDonnel  Aircraft  Company,  Lambert  Field,  Saint  Louis,  Missouri,  ATTN: 

Chief  Airborne  Equipment  Systems  Engineer  (1  copy) 

National  Aeronautics  and  Space  Administration,  1520  H.  Street,  N.  W. , 

Washington  D.  C.  20546,  ATTN:  Director,  Life  Sciences  Program  (1  copy) 

Naval  Medical  Research  Institute,  Bethesda,  Maryland  20315,  ATTN:  Dr.  David  E. 
Goldman,  MSC,  Commander  (1  copy) 

Chief,  Bureau  of  Medicine  &  Surgery,  Navy  Department,  ATTN:  Director, 

Submarine  Medical  Division,  Washington,  D.  C.  20390  (1  copy) 

North  American  Aviation,  International  Airport,  Los  Angeles  45,  California, 

ATTN:  Scott  Crossfield;  Dr.  Toby  Freedman,  Flight  Surgeon;  Mr.  Fred  A. 

Payne,  Manager  Space  Planning,  Development  Planning;  Mr.  Harrison  A. 

Storms  (4  copies) 

Director  of  Defense  Research  &  Engineering,  ATTN:  Chief,  Medical  Services 
Division,  Office  of  Science,  Washington,  D.  C.  20301  (1  copy) 

The  Ohio  State  University,  410  West  10th  Avenue,  Columbus  10,  Ohio,  ATTN: 

Dr.  William  F.  Ashe,  Chairman,  Department  of  Preventive  Medicine; 

Dean  Richard  L.  Meillng  (2  copies) 

Director,  The  RAND  Corporation,  1700  Main  Street,  Santa  Monica,  California, 

ATTN:  Dr.  H.  H.  Mitchell,  Physics  Division;  Dr.  Harold  L.  Brode  (2  copies) 
Republic  Aviation  Corporation,  Applied  Research  &  Development,  Farmingdale, 

Long  Island,  New  York,  ATTN:  Life  Sciences  Division  (3  copies) 

President,  Sandia  Corporation,  Sandia  Base,  Albuquerque,  New  Mexico  87115, 

ATTN:  Director  of  Research  (5  copies) 

System  Development  Corporation,  Santa  Monica,  California,  ATTN:  Dr.  C.  J. 

Roach  (1  copy) 

United  Aircraft  Company,  Denver,  Colorado,  ATTN:  Medical  Director  (1  copy) 
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Laboratory  of  Nuclear  Medicine  ft  Radiation  Biology,  School  of  Medicine, 
University  of  California,  Los  Angeles,  900  Veteran  Avenue,  Los  Angeles  24, 
California,  ATTN:  Dr.  G.  M.  McDonnel,  Associate  Professor;  Dr.  Benedict 
Cassen  (2  copies) 

University  of  Illinois,  Chicago  Professional  Colleges,  840  Wood  Street, 
Chicago  12,  Illinois,  ATTN:  Director,  Aeromedical  Laboratory  (1  copy) 
University  of  Kentucky,  School  of  Medicine,  Lexington,  Kentucky,  ATTN: 

Dr.  Loren  D.  Carlson,  Professor  of  Physiology  &  Biophysics  (1  copy) 
University  of  New  Mexico,  Albuquerque,  New  Mexico,  ATTN:  Library  (1  copy) 

U.  S.  Naval  Ordnance  Laboratory,  ATTN:  Capt  Richard  H.  Lee,  MSC;  Mr.  James 
F.  Moulton,  White  Oak,  Maryland  20390  (2  copies) 

U.  S.  Naval  School  of  Aviation  Medicine,  U.  S.  Naval  Aviation  Medical 
Center,  ATTN:  Director  of  Research,  Pensacola,  Florida  (1  copy) 

Dr.  Shields  Warren,  Cancer  Research  Institute,  New  England  Deaconess  Hospital, 
194  Pilgrim  Road,  Boston  15,  Massachusetts  (1  copy) 

ASD,  ATTN:  Commanding  Officer;  Chief,  Bioacoustics  Laboratory,  Wright - 
Patterson  AFB  Ohio  45433  (2  copies) 

Dr.  Eugene  Zwoyer,  Director,  Shock  Tube  Laboratory,  P.  0.  Box  188,  University 
Station,  Albuquerque,  New  Mexico  (1  copy) 

DDC,  Cameron  Stn,  Alexandria,  Va  22314  (20  copies) 

Western  Development  Laboratories,  Phllco  Corporation,  Palo  Alto,  California, 
ATTN:  Chief,  Bioastronautics  (1  copy) 


